**Core tip:** Current estimates suggest that annual incidence of progression from low grade dysplasia (LGD) to high grade dysplasia and/or esophageal adenocarcinoma is 0.5% to 4% per year. Current estimates are based on diagnosis made by one pathologist. Recent studies indicate that when the diagnosis of LGD is made by two or more expert pathologists, LGD progression is grossly underestimated. When LGD is diagnosed by consensus agreement of two or more expert pathologists, its progression towards malignancy seems to be at least three times the current estimates, however it could be up to 20 times the current estimates. Biopsies of all Barrett's esophagus patients with LGD should be reviewed by two expert gastroenterology pathologists. Follow-up strict surveillance programs should be in place for these patients.

INTRODUCTION
============

Barrett's esophagus (BE), first described in 1950, is a condition in which the normal esophageal squamous epithelium is replaced by columnar epithelium in a process known as metaplasia\[[@B1]\]. The development of esophageal adenocarcinoma (EAC) occurs when BE progresses through dysplasia. Dysplasia in BE is classified as either low grade dysplasia (LGD) or high grade dysplasia (HGD). The populations at risk for developing BE include individuals with chronic gastroesophageal reflux disease (GERD), obesity, male gender, have a smoking history, and are Caucasian\[[@B2]-[@B4]\].

The epidemiology of BE varies greatly owing to advancements in knowledge, diagnostic approach, and surveillance strategies. BE is prevalent in 10%-20% of patients with GERD, 2%-7% of general population, and incidence is between 23.1 and 32.7 per 100000\[[@B5]-[@B11]\]. The risk of progression to malignancy has been found to be lower in Barret's esophagus without dysplasia\[[@B12]-[@B14]\]. Indefinite for dysplasia (IDBE), indicating no clear evidence of dysplasia, poses an additional diagnostic challenge. Increasing dysplasia levels were associated with increased detection of malignancy in a greater number of patients in shorter time intervals\[[@B8]\].

Further epidemiological analysis has been performed in BE patients assessing the incidence of progression from LGD to HGD and/or progression to EAC. The rate of progression is also variable and has been reported to be between 0.5% to 4% per year\[[@B10],[@B11]\]. This wide range of progression incidence is primarily attributed to inter-observer variability in the assessment amongst the reading pathologists. Although LGD has been clearly defined by its histological features, there is a substantial subjective component involved in making the diagnosis. Recent studies indicate the progression of LGD is grossly underestimated. This may be attributed to the expertise of the reading pathologist, in addition to the number of pathologists assessing the biopsies. Given the concern for the risk of progression, accurate assessment of dysplasia is vital for appropriate risk stratification and surveillance strategies. Large statistical analyses have been conducted on the progression of LGD diagnosed by single pathologists. However, there is no statistical analyses in the form of meta-analysis evaluating LGD progression diagnosed by two or more expert pathologists.

The recognition of BE and prevention of progression to esophageal adenocarcinoma is quickly becoming a national public health concern. EAC incidence has more than quadrupled over the last few decades, and is alarmingly becoming a leader for cancer mortality. The aim of this systematic review and meta-analysis was to evaluate annual incidence of LGD progression (to HGD and/or EAC) when the diagnosis was made by two or more expert pathologists. Primary outcomes are to evaluate the annual incidence rate (AIR) of HGD and EAC in patients with LGD, diagnosed by consensus agreement of two or more expert gastroenterology pathologists. Secondary outcomes are to evaluate the AIR of HGD and EAC in patients down staged to No dysplasia in Barrett's esophagus (NDBE) and Indefinite for dysplasia in Barrett's esophagus (IDBE) from the original LGD diagnosis. AIR of EAC from HGD was also evaluated. A sub-group meta-analysis was performed on prospective studies only, evaluating the same variables.

MATERIALS AND METHODS
=====================

Study selection criteria
------------------------

Studies that evaluated the progression of LGD to HGD or EAC were included in this analysis. The diagnosis of LGD must be made by consensus agreement of two or more expert gastroenterology pathologists. Studies that evaluated patients with an original diagnosis of EAC were excluded. Patients with prior surgery or procedural interventions for EAC/LGD/HGD management were also excluded. We included both prospective and retrospective studies. Studies without original data, perspective articles, review articles, and expert opinions were excluded from this meta-analysis. Only full text articles, peer reviewed and published in international journals were included in this analysis. If there were duplicate studies, the most complete and latest study was included in this meta-analysis.

Data collection and extraction
------------------------------

The study design was written in accordance to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. Articles were systematically searched in Medline, PubMed, Ovid journals, EMABSE, Cumulative Index for Nursing and Allied Health Literature, ACP journal club, DARE, International Pharmaceutical Abstracts, old Medline, Medline nonindexed citations, OVID Healthstar, and Cochrane Central Register of Controlled Trials. The search was performed for the years 1966 to June 2016. Abstracts were manually searched in the major gastroenterology journals for the past 3 years. Study authors for the abstracts included in this analysis were contacted when the required data for the outcome measures could not be determined from the publications. The MeSH search headings used were "barrett's esophagus", "barrett's oesophagus", "low grade dysplasia", "high grade dysplasia", "esophageal adenocarcinoma", "oesophageal adenocarcinoma". The reference lists of the included studies were manually searched for any relevant publications. Two authors (HM and VM) independently searched and extracted the data into an abstraction form. Any differences were resolved by mutual agreement. If the disagreement persisted, the final decision was made by a third author (SP) after reviewing the relevant information. The agreement between reviewers for the collected data was quantified using the Cohen's κ\[[@B15]\]. Data was extracted from the selected studies and entered into a standardized data collection form. The following variables were recorded: name and year of study; country where study was performed; type of study; age in years-median; male/female distribution in percentage; total number of patients included; source of patient registry; diagnosis criteria for LGD; esophageal biopsy information (endoscopic details regarding the site of biopsies and pathology details regarding the methods of fixing the biopsy slide); number of patients with original LGD diagnosis (made by a single pathologist); follow-up period in months (median); follow up period in patient years; number of patients with a consensus diagnosis of LGD; number of patients with a consensus diagnosis of HGD at the beginning of study; AIR (expressed as percent) for HGD and EAC in consensus LGD patients; AIR for EAC only in consensus LGD patients; AIR for EAC only in consensus HGD patients; AIR for HGD and EAC in patients down staged to NDBE; AIR for HGD and EAC in patients down staged to IDBE.

Definitions
-----------

For the purpose of this meta-analysis, we have used definitions that are most widely accepted by various gastroenterology organizations and that were used in most of the studies included in this analysis. Barrett's esophagus was defined as any red colored epithelium visible on endoscopy, above the lower esophageal sphincter/proximal end of gastric folds, biopsies of which reveal intestinal metaplasia. The progression of BE towards malignancy was classified into "no dysplasia", "indefinite for dysplasia", "low grade dysplasia", "high grade dysplasia" and "adenocarcinoma". This classification is in accordance with Vienna classification of gastrointestinal epithelial neoplasia\[[@B16]\]. Original LGD/HGD diagnosis refers to the patients labelled as having LGD/HGD diagnosed by a single pathologist. Consensus or Confirmed LGD/HGD diagnosis refers to the patients actually having LGD/HGD after two or more expert pathologists reviewed the biopsies and agreed upon the diagnosis.

Quality of studies
------------------

Clinical trials designed with a control and treatment arms can be assessed for quality of the study. A number of criteria have been used to assess this quality of a study (*e.g*., randomization, selection bias of the arms in the study, concealment of allocation, and blinding of outcome). Jadad score was used to evaluate the quality of randomized studies. Cochrane Collaborations and the Quality of Reporting of Meta-analysis guidelines were followed to assess the quality of studies\[[@B17],[@B18]\]. Quality of nonrandomized studies included in this meta-analysis was assessed using Newcastle-Ottawa Scale\[[@B19]\].

Statistical methods
-------------------

This meta-analysis was performed by calculating pooled proportions. First the individual study proportion of annual incidence rates of HGD and EAC, consensus LGD diagnosis, *etc*., was transformed into a quantity using Freeman-Tukey variant of the arcsine square root transformed proportion. The pooled proportion is calculated as the back-transform of the weighted mean of the transformed proportions, using inverse arcsine variance weights for the fixed effects model and DerSimonian-Laird weights for the random effects model\[[@B20],[@B21]\]. Forest plots were drawn to show the point estimates in each study in relation to the summary pooled estimate. The width of the point estimates in the Forest plots indicates the assigned weight to that study. The heterogeneity among studies was tested using I2 statistic and Cochran's Q test based upon inverse variance weights\[[@B22]\]. I2 of 0--39% was considered as non-significant heterogeneity, 40%-75% as moderate heterogeneity, and 76%-100% as considerable heterogeneity. If *P* value is \> 0.10, it rejects the null hypothesis that the studies are heterogeneous. The effect of publication and selection bias on the summary estimates was tested by both Harbord-Egger bias indicator\[[@B23]\] and Begg-Mazumdar bias indicator\[[@B24]\]. Also, funnel plots were constructed to evaluate potential publication bias\[[@B25],[@B26]\]. Microsoft Excel 2013 software was used to perform statistics for this meta-analysis. Subgroup analysis was performed on prospective studies evaluating the AIR of HGD and EAC in confirmed LGD patients.

RESULTS
=======

Study selection
---------------

Initial search identified 721 reference articles, in which 53 articles were selected and reviewed. Data was extracted from 12 studies\[[@B10],[@B27]-[@B37]\] (*n* = 971) that evaluated the progression of LGD towards malignancy. All the studies are published as full text articles. Figure [1](#F1){ref-type="fig"} shows the flow diagram of search results. All the pooled estimates given are estimates calculated either by fixed or random effects model. Fixed effect model was preferred when heterogeneity was low and random effect model was preferred when heterogeneity was high. Among the 12 studies included in this analysis, seven studies\[[@B10],[@B28],[@B30],[@B32]-[@B34],[@B36]\] initially selected patients with LGD diagnosis made by single pathologist, however was reviewed later by two or more expert pathologists to make confirmation diagnosis after a consensus. Remainder of the five studies directly included patient with confirmed diagnosis of LGD/HGD. Eight studies out of the 12 studies were retrospective studies\[[@B27]-[@B34]\], the others were prospective studies. Subgroup analysis was performed on all prospective trials\[[@B10],[@B35]-[@B37]\]. The included studies were distributed all over the world. Most patient registries of the included studies were specialist center based, except three studies\[[@B29],[@B32],[@B36]\] that included patients from community based cohorts. One study\[[@B29]\] included patients from both specialist center and community based registries. Patients in individual studies were on optimal proton pump inhibitor therapy (PPI) -- once or twice daily regimen.

![Flow diagram: Search results.](WJG-22-8831-g001){#F1}

The total number of patients included in this meta-analysis is 971. Nine hundred and seventy-one represents total number of original and confirmed LGD cases. However, the total number of confirmed LGD cases after consensus by two or more expert pathologists is 418, with a predominantly male population (72%). Among the total original LGD diagnoses in the included studies, only 37.49% (95%CI: 25.72-50.1) \[*I*² (inconsistency) = 89.7% (95%CI: 81.2%-93.3%), Egger: bias = 4.66 (95%CI: 1.40-7.91), *P* = 0.01\] reached the consensus LGD diagnosis after review by two or more expert pathologists. Median age of the patients was 65 years. Table [1](#T1){ref-type="table"} shows the baseline characteristics of the studies. Table [2](#T2){ref-type="table"} shows other key characteristics of the individual studies. In summary, the methods used to diagnose confirmed LGD cases in all the studies were mostly similar. Two or more pathologists had to review the biopsies and come to an agreement regarding the diagnosis of LGD. Biopsies were obtained from four quadrants at at-least 2 cm intervals all along the length of Barrett's esophagus. Hematoxylin Eosin staining of paraffin/formalin/Hollande's embedded biopsy specimens was used. The *P* for χ^2^ heterogeneity for all the pooled accuracy estimates was \> 0.10. The agreement between reviewers for the collected data gave a Cohen's κ value of 1.0. The follow up period in individual studies ranged from 24-96 mo. Median follow up period was 50 mo. Cumulative follow up period in all the included studies was 1532 patient years.

###### 

Basic characteristics of the included studies

  **Ref**.                          **Country**      **Type**   **Age: years - Median**   **Sex: Male%**   **N LGD - prior to panel review**   **Follow up - median - months**   **Follow up - Patient years**   **N LGD (after panel review) consensus diagnosis**   **N HGD (after panel review) consensus diagnosis**
  --------------------------------- ---------------- ---------- ------------------------- ---------------- ----------------------------------- --------------------------------- ------------------------------- ---------------------------------------------------- ----------------------------------------------------
  Picardo et al\[[@B27]\] 2015      Ireland          R          59                        67%              NA                                  50                                354.17                          85                                                   60
  Duits et al\[[@B28]\] 2014        Netherlands      R          63                        76%              293                                 39                                256.75                          79                                                   NA
  von Rahden et al\[[@B29]\] 2008   Germany          R          59                        72%              NA                                  24                                114.00                          57                                                   NA
  Lim et al\[[@B30]\] 2007          United Kingdom   R          67                        80%              34                                  96                                112.00                          14                                                   1
  Vieth et al\[[@B31]\] 2006        Germany          R          61                        68%              NA                                  54                                85.50                           19                                                   10
  Basu et al\[[@B32]\] 2004         United Kingdom   R          74                        74%              16                                  60                                50.00                           10                                                   3
  Montgomery et al\[[@B33]\] 2001   United States    R          65                        72%              26                                  24                                30.00                           15                                                   15
  Skacel et al\[[@B34]\] 2000       United States    R          67                        84%              25                                  26                                36.83                           17                                                   NA
  Younes et al\[[@B35]\] 2011       United States    P          NA                        NA               NA                                  35                                81.67                           28                                                   NA
  Wani et al\[[@B10]\] 2011         United States    P          61                        85%              210                                 74                                252.83                          41                                                   NA
  Curvers et al\[[@B36]\] 2010      Netherlands      P          59                        67%              147                                 51                                93.50                           22                                                   NA
  Srivastava et al\[[@B37]\] 2007   United States    P          64                        91%              NA                                  25                                64.58                           31                                                   46

R: Retrospective; P: Prospective; NA: Not available.

###### 

Key characteristics of individual studies

  **Study**                         **Patient registry**                                        **Diagnosis method of LGD**                                                                                                                                                                                                                                     **Biopsy details**
  --------------------------------- ----------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Picardo et al\[[@B27]\] 2015      Specialist center based registry                            Expert pathologist panel: 2 pathologists required to make diagnosis                                                                                                                                                                                             Four-quadrant biopsies every 1 cm of Barrett\'s esophagus
  Duits et al\[[@B28]\] 2014        Specialist center based registry                            Expert pathologists panel: At-least 2 pathologists required to make diagnosis                                                                                                                                                                                   H&E stained slides of paraffin embedded biopsy specimens
  von Rahden et al\[[@B29]\] 2008   Specialist center and Community population based registry   Expert pathologists panel: 3 pathologists required to make diagnosis                                                                                                                                                                                            Multiple biopsies at different levels of Barrett's esophagus
  Lim et al\[[@B30]\] 2007          Specialist center based registry                            Expert pathologists panel: 5 pathologists required to make diagnosis                                                                                                                                                                                            Four to ten (sometimes more) biopsies taken from Barrett\'s area. Hematoxylin and eosin staining
  Vieth et al\[[@B31]\] 2006        Specialist center based registry                            Biopsies assessed twice by two pathologists in a blinded fashion                                                                                                                                                                                                Four biopsies every 2 cm in relation to the Barrett's esophagus length
  Basu et al\[[@B32]\] 2004         Community based cohort                                      Experienced gastrointestinal pathologist assessed histological sections, with confirmation by a colleague if high-grade dysplasia or worse was suspected. All cases of low-grade dysplasia were reviewed at a regular gastrointestinal histopathology meeting   2-cm interval quadrantic biopsies in the entire length of Barrett's esophagus
  Montgomery et al\[[@B33]\] 2001   Specialist center based registry                            Expert pathologists panel: 12 pathologists required to make diagnosis - reviewed blindly twice by each pathologist                                                                                                                                              Multiple biopsies at different levels of Barrett's esophagus. Submitted biopsy specimen had to show the worst lesion that the patient was known to have at the time of the initial known endoscopy
  Skacel et al\[[@B34]\] 2000       Specialist center based registry                            Expert pathologists panel: LGD cases were randomized and blindly reviewed by three gastrointestinal pathologists                                                                                                                                                Four-quadrant biopsies taken using jumbo forceps at intervals of \< 2 cm throughout the length of the Barrett's segment, with additional biopsies of any endoscopic lesions. All biopsy specimens had been fixed in formalin or Hollande's solution
  Younes et al\[[@B45]\] 2011       Specialist center based registry                            Expert pathologist panel: 2 pathologists required to make diagnosis                                                                                                                                                                                             Biopsies from two or more levels in barrett\'s esophagus. Hematoxylin-eosin--stained sections of formalin-fixed and paraffin-embedded tissue
  Wani et al\[[@B10]\] 2011         Specialist center based registry                            Consensus diagnosis among two or more pathologists: defined as agreement between the local GI pathologist and expert central pathologists                                                                                                                       At least 4 quadrant biopsies every 2 cm with either a standard or jumbo biopsy forceps. Hematoxylin Eosin stained slides of paraffin-embedded biopsy specimens
  Curvers et al\[[@B36]\] 2010      Community based cohort                                      Expert pathologist panel: 2 pathologists required to make diagnosis                                                                                                                                                                                             All visible abnormalities were sampled, followed by random sampling of the Barrett segment in four quadrants every 2 cm. Hematoxylin and eosin stained slides of paraffin-embedded biopsy specimens
  Srivastava et al\[[@B37]\] 2007   Specialist center based registry                            Expert pathologists panel: 3 pathologists required to make diagnosis                                                                                                                                                                                            Four-quadrant endoscopic esophageal mucosal biopsies were obtained at every 1--2 cm. All four-quadrant Hollande's or formalin fixed biopsies were embedded into one paraffin block and serial 4 µm thick tissue sections were cut and stained with hematoxylin and eosin

Annual incidence rate of malignant transformation in confirmed LGD
------------------------------------------------------------------

Malignant transformation of LGD includes transformation into HGD and or EAC. In the pooled consensus LGD patients, the AIR of progression to HGD and EAC was 10.35% (95%CI: 7.56-13.13). Bias indicators for this variable were: Begg-Mazumdar: Kendall's tau *b* = 0.27, *P* = 0.25; Egger: bias = 10.22 (95%CI: 5.42-15.03), *P* = 0.0008. Heterogeneity for this variable was assessed using *I*² (inconsistency) = 98.4% (95%CI: 98.1%-98.6%). Figure [2](#F2){ref-type="fig"} is a forest plot representing the pooled and individual AIR for malignant (HGD and or EAC) transformation in confirmed LGD patients. Figure [3](#F3){ref-type="fig"} is a funnel plot assessing the publication bias for same variable. Due to significant heterogeneity among the studies, we have attempted to exclude two studies that were extreme outliers (Wani et al\[[@B10]\] with an AIR 0.84% and Montgomery et al\[[@B33]\] with an AIR 26.7%). AIR for HGD and EAC, calculated after exclusion of these two studies was 10.17 (95%CI: 7.59-12.75). *I*² (inconsistency) = 96%, Egger: bias = 7.80 (95%CI: 1.67-13.95), *P* = 0.02.

![Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma) transformation in confirmed low grade dysplasia patients.](WJG-22-8831-g002){#F2}

![Funnel plot assessing for publication bias (annual incidence rate for malignant transformation in confirmed low grade dysplasia patients).](WJG-22-8831-g003){#F3}

In pooled patient population, progression of confirmed LGD to EAC only was 5.18% (95%CI: 3.43-6.92). Date for this variable was available only in eight studies\[[@B10],[@B27],[@B30]-[@B34],[@B37]\]. Bias indicators for this variable were: Begg-Mazumdar: Kendall's tau b = 0.79, *P* = 0.0055; Egger: bias = 7.54 (95%CI: 3.03-12.05) *P* = 0.0064. *I*² (inconsistency) = 96.9% (95%CI: 95.9%-97.6%).

Annual incidence rate of EAC transformation in confirmed HGD
------------------------------------------------------------

Four studies enrolled confirmed HGD cases into their patient population\[[@B30],[@B32],[@B33],[@B37]\]. These patients were followed up to assess the rate of transformation into EAC. Total patients included in this analysis was 65, with a predominantly male population (74%). Median age of the patients was 65 years. In patients with consensus HGD diagnosis, the AIR of progression to EAC was 28.63 (95%CI: 13.98-43.27). *I*² (inconsistency) = 95.1%. Egger: bias = 7.65 (95%CI: -20.61-35.92), *P* = 0.36. Figure [4](#F4){ref-type="fig"} is a forest plot representing the pooled and individual AIR for EAC transformation in confirmed HGD patients.

![Forest plot representing the pooled and individual annual incidence rate for esophageal adenocarcinoma transformation in confirmed high grade dysplasia patients.](WJG-22-8831-g004){#F4}

Annual incidence rate of malignant transformation in down staged LGD
--------------------------------------------------------------------

Original diagnosis of LGD, after review by two or more expert pathologists was either confirmed as LGD after consensus or was down staged to one of the two: NDBE or IDBE. In patients down staged to NDBE, data was available from nine studies\[[@B27]-[@B31],[@B33]-[@B35],[@B36]\]. AIR of malignant transformation (HGD and or EAC) in confirmed NDBE patients after down staging was 0.65% (95%CI: 0.49-0.80). *I*² (inconsistency) = 38.4%. Egger: bias = -1.94 (95%CI: -4.69-0.83), *P* = 0.14. Figure [5](#F5){ref-type="fig"} is a forest plot representing the pooled and individual AIR for malignant transformation in confirmed NDBE patients. Figure [6](#F6){ref-type="fig"} is a funnel plot assessing the publication bias for same variable.

![Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma) transformation in confirmed No dysplasia in Barrett's esophagus patients.](WJG-22-8831-g005){#F5}

![Funnel plot assessing for publication bias (annual incidence rate for malignant transformation in confirmed No dysplasia in Barrett's esophagus patients).](WJG-22-8831-g006){#F6}

IDBE data was available in four studies\[[@B27],[@B28],[@B35],[@B36]\]. Among the patients down staged to IDBE, the AIR of progression to HGD and or EAC was 1.42% (95%CI: 1.18-1.65). *I*² (inconsistency) = 97.9%. Egger: bias = 6.48 (95%CI: -59.45-72.41), *P* = 0.71. Figure [7](#F7){ref-type="fig"} is a forest plot representing the pooled and individual AIR for malignant transformation in confirmed IDBE patients.

![Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma) transformation in confirmed Indefinite for dysplasia in Barrett's esophagus patients.](WJG-22-8831-g007){#F7}

Subgroup analysis of prospective studies
----------------------------------------

Subgroup analysis was performed on all prospective trials\[[@B10],[@B35]-[@B37]\]. Four studies were included in this analysis. The total number of patients included in this subgroup was 122, with a predominantly male population (67%). Median age of the patients was 61 years. In the subgroup analysis of prospective studies, AIR of malignant (HGD and or EAC) transformation in confirmed LGD patients was 7.98 (95%CI: 3.64-12.31). *I*² (inconsistency) = 98.4%. Egger: bias = 11.49 (95%CI: 7.46-15.53), *P* = 0.006. Figure [8](#F8){ref-type="fig"} is a forest plot representing the pooled and individual AIR for malignant (HGD and or EAC) transformation in confirmed LGD patients.

![Forest plot representing the pooled and individual annual incidence rate for malignant (high grade dysplasia and/or esophageal adenocarcinoma) transformation in confirmed low grade dysplasia patients - Only prospective studies.](WJG-22-8831-g008){#F8}

DISCUSSION
==========

There is a wide variation in the incidence of adenocarcinoma stemming from Barrett's esophagus in the current literature. Existing endoscopic surveillance studies show anywhere from 1 in 52 to 1 in 441 patient-years of surveillance. The lack of large prospective studies makes it difficult to determine the efficacy and cost-effectiveness of widespread surveillance programs, and thus there is a large discrepancy between surveillance programs\[[@B38]-[@B41]\]. Basu et al\[[@B32]\] conducted a retrospective analysis of the Barrett's epithelium surveillance database to assess the utility of a surveillance program and to determine the natural incidence of dysplasia in this population. The overall prevalence of LGD in the 5-year period was 7.2%, with an annual incidence of 1.4%. None of these patients progressed to HGD. This study disagreed with the previous study by van Sandick et al\[[@B42]\], who concluded an increased progression to HGD from the initial low grade population. The disagreement may be due to study limitations including small sample size and short duration of follow up in the study by Basu et al\[[@B32]\]. Overall, this study concluded that annual endoscopic surveillance showed little reward, but there are variations among regions\[[@B43]\] and surveillance intervals should also be based on the cancer incidence of that specific region.

Another factor affecting surveillance intervals and the true rate of progression to adenocarcinoma is interobserver variability in grading dysplasia. Outcomes in a study by Montgomery et al\[[@B33]\], support that IDBE and LGD should have identical surveillance and follow up as they had similar frequencies of development of adenocarcinoma, but IDBE was slower to progress than LGD by at least 42 mo. Increasing dysplasia was also associated with increased frequency of ulcers found on exam. The study found that approximately 1 of 50 patients with Barrett's esophagus without dysplasia progressed to HGD at approximately 6 years. Conversely, those with any grade of dysplasia or evidence of ulceration should be followed up in shorter intervals. They further concluded that criteria for the diagnosis of dysplasia are reliable. Patients with Barrett's esophagus without dysplasia may be followed with endoscopy and biopsies every few years while those with IDBE, any grade of dysplasia, or evidence of ulceration require shorter follow up intervals.

Dysplasia is diagnosed when epithelial atypia also involves the surface epithelium\[[@B44]\]. In cases where the surface epithelium is denuded, uninvolved, or unable to be evaluated, the grading is changed to indeterminate dysplasia or indefinite for dysplasia (IDBE)\[[@B45]\]. Younes et al\[[@B35]\] demonstrated with statistical significance that patients with an initial biopsy diagnosis of either IDBE-Multifocal, LGD, or LGD-Multifocal were more likely to progress to HGD than those with an initial diagnosis of NDBE or IDBE. Unfortunately, there exists a large breadth of interobserver variability, especially in IDBE, where there are no clear guidelines for diagnosis.

Interobsever variability may result in under-diagnosis, such as in the study by Montgomery et al\[[@B33]\] or in over-diagnosis as demonstrated in the study by Curvers et al\[[@B36]\]. In Curvers et al\[[@B36]\] over 75% of cases with previously diagnosed low grade dysplasia were downgraded to NDBE, which were shown to have an incidence rate of 0.49% per patient year. This is in contrast to the study by Montgomery et al\[[@B33]\] in which pathologists rated IDBE despite marked atypia to avoid over-diagnosis. Also, a true diagnosis of low grade dysplasia, which is defined here as one diagnosed by an expert panel of pathologists, carries a 13.4% incidence of progression per patient year. Though low grade dysplasia may be over-diagnosed, those cases which are confirmed by a consensus diagnosis with a panel of expert pathologists should not be underestimated and warrant close follow-up.

Duits et al\[[@B28]\] conducted a large, retrospective cohort which studied the incidence rates of HGD and EAC in patients diagnosed with LGD by an expert panel of pathologists. Seventy-three percent of the initial community cohort of patients were downgraded to a diagnosis of IDBE or NDBD. When the diagnosis of low grade dysplasia was confirmed by an expert panel, the risk of progression to HGD or EAC was 9.1% annually and had a five-year cumulative progression risk of 33.3%, which was much higher than expected. This study again highlights the initial over-diagnosis of low grade dysplasia. Unfortunately, this leads to an underestimation of the risk to malignant progression in cases of low grade dysplasia which have been confirmed by an expert panel.

Skacel et al\[[@B34]\] further evaluated the degree of interobserver variability in the histological diagnosis of LGD and impact on reported risk of progression to HGD or EAC. Biopsy specimens were reviewed individually by three GI pathologists, blind to the previous diagnosis, and found the individual GI pathologists' diagnosis did not correlate with disease progression. When at least 2 of the pathologists agreed on the histological diagnosis, there was a statistically significant progression (7 out of 17, *P* = 0.04) When all 3 pathologists agreed, 4 out of the 5 patients progressed (*P* = 0.012). Of the 8 patients where there was no agreement between pathologists, 0 of these patients progressed

A study by Weston et al\[[@B46]\] showed 5 out of 62 patients initially diagnosed with LGD progressed, but it is unclear if the initial diagnosis was confirmed by an expert panel\[[@B46]\]. In a study by Reid et al\[[@B47]\], it was noted that a consensus diagnosis of low grade dysplasia suggests an increased risk of progression to high grade dysplasia as compared to identifications where pathologists disagree on the diagnosis.

There has been little evaluation of the extent of LGD as a risk factor for the development of EAC, and studies on HGD as a risk factor were conflicting. Previous studies evaluated the extent of HGD as a risk factor for developing adenocarcinoma in Barrett's esophagus, but they did not evaluate LGD\[[@B48],[@B49]\]. Srivastava et al\[[@B37]\] conducted a study assessing the total numbers of both LGD and HGD crypts, the extent of dysplasia, and total dysplasia correlated with EAC development. In those who progressed to EAC, the number of dysplastic crypts per patient (115.2) including HGD and LGD, were significantly higher than in nonprogressors (56.2, *P* = 0.01). When the crypts were stratified by dysplasia grade, the patients who developed EAC had a marginally greater mean number of LGD crypts (93.9) as compared with patients that did not progress (41.2, *P* = 0.07). Per patient, the mean proportion of LGD crypts were also found to be greater in progressors (46.4% *vs* 26%, *P* = 0.037), but more significantly than the mean number of crypts. Interestingly, neither the mean number (*P* = 0.14) nor the mean proportion (*P* = 0.20) of HGD crypts per patient was significantly associated with development of EAC. The study concluded that the extent of LGD is a significant risk factor for developing esophageal adenocarcinoma, while the extent of HGD was not found to be an independent risk factor. However, the presence of HGD is associated with a greater relative risk for developing adenocarcinoma.

A registry of patients with Barrett's esophagus has been found to be beneficial with respect to patient management as well as for identifying populations at greater risk in need of alternate surveillance intervals. The utility of a registry is further increased where surveillance is not cost-effective for all\[[@B50]\]. Esophageal adenocarcinoma has increased drastically in Europe, and is predicted to increase even higher in the near future\[[@B51]-[@B53]\]. Picardo et al\[[@B27]\] established a Barrett's registry in 2008 consisting of 1093 patients from the Republic of Ireland. Of the 73 patients with a diagnosis of LGD with endoscopic follow up beyond 1 year, 46 (65%) had histological regression, 8 progressed to HGD, and 6 to EAC. This study showed that the absolute risk of EAC was higher than reported in whole population studies. Incidence was higher in this study as compared to a Danish population study and another study conducted from the Northern Ireland Barrett's Register\[[@B12],[@B54]\].

The strengths of this meta-analysis include the high quality methodology of statistical analysis, high quality methodology used in individual studies, relatively greater number of studies that met the inclusion criteria, and large total number of patients included in this analysis (*n* = 971). This is the first meta-analysis to pool the evidence for AIR of malignancy in confirmed LGD patients.

The limitations of this study include: There was a significant level of heterogeneity among studies included in this analysis. Random effects model was used to calculate pooled effects for most of the variables when the heterogeneity was high. We also performed a pooled subgroup analysis after excluding the outliers, with the intention of reducing the heterogeneity. We were unable to perform financial impact analysis due to the lack of data from the individual studies. The local expertise of pathologists/expert pathologists/gastrointestinal pathologists plays a key role in the outcomes. The variability of their expertise is one of the most significant reasons for heterogeneity among studies. A few other important reasons for heterogeneity among studies could be exclusion of prevalent cases of malignancies, and design of individual studies. There were retrospective studies included in this meta-analysis. In order to mitigate this issue, we have performed a sub-group analysis on prospective studies only. Due to the paucity of data available from individual studies, we were not able to analyze the relation between the length of Barrett's, extent of dysplasia and progression to malignancy

Since the incidence of esophageal adenocarcinoma is rising, it is vital to focus on all possible preventive measures to halt or slow the progression from BE to EAC. Based on the results of this analysis, the incidence of malignancy in confirmed LGD patients is much higher than the current estimates. For these reasons, it is of paramount importance to confirm the diagnosis of patients labelled as LGD. Once a diagnosis of LGD has been confirmed, these patients would benefit from closer follow-up and surveillance. In patients with LGD, most gastroenterology societies recommend surveillance endoscopy with biopsies every 12 mo. However, with more recent evidence suggesting the true rate of transformation is higher, there may be a role for more frequent endoscopic surveillance or sooner procedural intervention. These questions should be answered with further large prospective trials.

Studies with statistically significant positive results tend to be published and cited. Additionally, smaller studies may show larger treatment effects compared to larger studies. This publication and selection bias may affect the summary estimates. The bias can be estimated using Egger bias indicators and the construction of funnel plots, whose shape can be affected by bias. In the present meta-analysis and systematic review, bias calculations both Egger\[[@B23]\] and Begg-Mazumdar\[[@B24]\] bias indicators showed no statistically significant bias. Furthermore, analysis using funnel plots showed no significant publication bias among the studies included in the present analysis.

Overall, when LGD is diagnosed by consensus agreement of two or more expert pathologists, its progression towards malignancy appears to be at least three times the current estimates, and may be up to 20 times the current estimates. Biopsies of all Barrett's esophagus patients with LGD should be reviewed by two expert gastroenterology pathologists. Follow-up strict surveillance programs should be in place for these patients. Large prospective studies are required to evaluate if confirmed LGD patients should have follow up surveillance more frequently than every year.
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